New insights into the inhibition of human neutrophil elastase by heparin.
In the normal feedback mechanism of injury and repair in the lung, fragmented heparan sulfate proteoglycans (HSPGs) from damaged extracellular matrix and cells are believed to interact with elastases to limit their activity. An imbalance in the HSPG-elastase response may play an important role in situations where uncontrolled lung injury leads to diseases such as emphysema. To gain insight into this complex process of heparin and heparan sulfate regulation of elastases, an experimental study was undertaken to resolve the mechanism and structural requirements of heparin inhibition of human neutrophil elastase (HNE). Kinetic analyses were completed using in vitro assays with synthetic and insoluble elastin substrates in the presence of HNE and various heparin preparations (14-15 kDa; 17-19 kDa), heparin-derived oligosaccharides (4-22 saccharides), and chemically modified heparins (2-O-, 6-O-, O-, and N-desulfated). Results showed that heparin inhibits HNE by a tight-binding, hyperbolic, competitive mechanism, contrary to previous reports in the literature. A minimum length of at least 12-14 saccharides is required for inhibition, after which inhibitory activity increases with chain length (or molecular mass). Although all N- and O-sulfate groups contribute to inhibition, 2-O-sulfate groups are less critical than either N- or 6-O-sulfate groups, indicating that inhibitory activity is dependent upon the heparin fine structure. Molecular-docking simulations support the kinetic results and provide a plausible model for the size requirement, whereby positively charged, clamp-like regions at the ends of the interdomain crevice (elastase fold) are used by heparin to bridge the active site and inhibit activity.